Nanostructured solar cells constitute a powerful alternative for the development of the third generation of photovoltaic devices. The second generation, thin film solar cells, allows in many cases a reduction of production cost in comparison with first generation, Si solar cells. In the third generation, in addition, an increase of the efficiencies is potentially attainable. 1 To reduce the cost of the photovoltaic devices, an efficient strategy is to relax the quality requirements of the materials forming the device. But in conventional Si solar cells high crystal quality is required, as both photogenerated electrons and holes are transported along the same material and defects act as recombination centers reducing the cell performance. The material quality can be relaxed if just one carrier is transported along one specific material. This is the working principle of sensitized solar cells (SSCs) where light absorption and carrier transport are decoupled. 2 In sensitized solar cells, charge is photogenerated in dye (DSSCs), thin semiconductor (SSSCs) or in a semiconductor quantum dot (QDSSCs), for small semiconductor nanocrystal sensitizers where the regime of quantum confinement is reached. 3, 4 The photogenerated charge is quickly injected into two different transport media (TM).
One for electrons (ETM), generally a wide band gap semiconductor as TiO2, and the other one for holes (HTM). As only a single carrier is present in the transporting media, the carrier recombination is reduced and less demanding materials can be employed. In this context, the necessity of nanostructured devices arises from the fact that a single molecular layer or semiconductor extremely thin absorber (~nm) cannot completely harvest the incident sunlight. By nanostructuring the electrode, the effective area to be covered by the sensitizer can be increased by several orders of magnitude. In fact the appearance of these electrodes enormously increased the efficiency of DSSCs. 2 In this sense, the role of nanostructured metal oxide electrodes is well defined as selective electron contact and ETM with high effective surface area to enhance cell harvesting.
Since the seminal paper on DSSCs of O'Regan and Grätzel in the early 1990s 2 , the recent demonstration of all-solid nanostructured solar cells with efficiency higher than 10% constitutes one of the most important breakthroughs in this field. [5] [6] [7] [8] Open circuit voltages as high as 1.3 V (ref. 9 ) and efficiencies of 12.3%, 7, 8 even higher than the record liquid DSSC, have been very recently demonstrated. In this kind of cell, nanoparticles or thin film of CH3NH3PbX3, with perovskite crystalline structure (where X is a halogen element I, Cl, Br or a combination), are deposited on a nanostructured semiconductor with or without hole transporting material (HTM). Lead halide perovskites have already shown a great potential in QDSSCs with a liquid HTM. 10, 11 However, it was the recent reports on all-solid devices, with easier perspectives for industrialization, that has revolutionized the field of nanostructured photovoltaic devices. However, the working principles of these devices are not completely understood as there are clear evidences that these devices do not work as the conventional sensitized solar cell, where both ETM and HTM are needed. Solar cells with lead halide perovskite and no ETM have been prepared with η=10.9% using Al2O3 nanostructured electrode in which perovskite cannot photoinject due to a type I band alignment, 6 while devices with no HTM and η=5.5%, have been prepared contacting directly the perovskite with an Au contact. 12 In this work, to unveil the working principles of these devices, and concretely understand the mechanism of charge accumulation needed for the photovoltaic conversion, a systematic study based on impedance spectroscopy (IS) characterization has been carried out, under dark and under illumination conditions. The direct signature of perovskite light absorbing material has been observed in the capacitance of the device, indicating charge accumulation in the electronic states of perovskite. In the DSSC the charge accumulation in the light absorbing material (the dye) has not been detected by electrochemical measurement, and for QDSSCs it was detected indirectly as a change in the capacitance slope. 13 Here we present the first report of charge accumulation in the light absorbing material for nanostructured solar cells, which is attributed to a density of states (DOS) that is larger in the perovskite absorber than in either ETM or HTM. This fact makes lead halide perovskite solar cells a new type of photovoltaic device halfway between nanostructured and thin-film solar cells.
Results

Performance of flat and nanostructured solar cells
In order to have a general view of the performance of photovoltaic devices using perovskite as light absorbing material, different cells with flat and nanostructured (NS) electrodes have been prepared using CH3NH3PbI3 as light absorbing material.
CH3NH3PbI3 was prepared following the previously reported methods. 5 Table 1 . The conduction band (CB) of CH3NH3PbI3 is situated at -3.93 eV vs. vacuum while TiO2 is situated around -4 eV as it has been determined by ultraviolet photoelectron spectroscopy (UPS). 5 Therefore photogenerated charge in CH3NH3PbI3 perovskite can potentially be injected into TiO2 as there exists an adequate band alignment. This is not the case for ZrO2 with a CB 0.82 eV higher than the CB of TiO2. 16 ZrO2 is commonly used as control measurement for the characterization of sensitizers as no injection into ZrO2 is observed, in contrast with TiO2. 17 In fact no photovoltaic performance was observed for samples 
Impedance spectroscopy interpretation
Just from J-V curves it is difficult to extract conclusions about the mechanism that determines the different behavior observed among the different electrodes analyzed. It is not straightforward, and many times impossible, to decouple the effect on J-V curve of each part of the device, only with this characterization.
Nevertheless Impedance Spectroscopy (IS) is a frequency characterization
technique that allows to decouple physical processes with different characteristic times. 19 Its interpretation is not trivial, but once the appropriate models are 
The capacitance and the density of states
The direct finger print of charge accumulation should be observed in the capacitance as chemical capacitance reflects the capability of a system to accept or release additional carriers due to a change in its Fermi level. 18 The Nyquist plots in discussions. IS spectra has been fitted using equivalent circuits previously used for solid DSSC with spiro-MeOTAD. 22 The use of spiro-MeOTAD as HTM adds an extra degree of complexity in the analysis as it has been pointed out recently, 23 The coated films were cooled down, and the spin-cast was repeated twice with a double concentrated precursor solution followed by a thermal treatment at 450 ºC.
The thicknesses determined by Scanning Electron Microscopy were 100 nm and 60 nm for TiO2 and ZrO2, respectively. Porous TiO2 film was prepared by doctor blade method using 20 nm sized paste prepared according to the method described elsewhere 25 and sintering at 450 ºC for 30 min in air. Porous ZrO2 film was also prepared by doctor blade method using ZrO2 paste with a particle size of 15 nm 25 and sintered under the same condition with porous TiO2 film. The thicknesses of nanoporous films were  0. 
